Thin Film Measurement solution

- Software, sensors, custom development
ell'llCOIlSOft,lll and integration

Accurate Measurement on Thick Polymers on Metal

Measurement of thick polymers with spectroscopic reflectometry is easy. The
standard approach is to use a thick —film algorithm based on Fourier transform (FFT) of
the spectrum to determine the thickness. This method is convenient to use in production
environment because it does not require accurate physical model or calibration. The
accuracy of the FFT increases with the number of periods and points in the spectrum. For
a given wavelength range, the relative accuracy/resolution increases with increase of the
film thickness.

In some cases, the accuracy /resolution of the FFT is not enough for application
requirements. The challenge is to improve the accuracy but without complex model and
with minimal calibration requirements. Fig. 1 shows an example of measured reflectance
spectra of ~ 10 um photoresist (NR9-6000P) on stainless steel measured with MProbe
VisHR system. Using FFT quickly gives the thickness result (Fig. 2). However, the
thickness is the same for all points. (see Fig. 3).

It can be seen, from the reflectance spectra, that there is some variation in
thickness. So, it appears that FFT approach does not have enough resolution to detect the
difference between the thicknesses in the measured points.
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Fig.1. Measured spectra of the photoresist (NR9-6000P) on stainless steel.

83 Pine Hill Rd. Southborough, MA 01772
Phone +1.617.388.6832 Fax. +1.508.858.5473
email: info@semiconsoft.com http://www.semiconsoft.com




Bhaisin e [t Sarmpde. 1o B1.cov
Gt ot | Raliectan  Bsflockarsn_Thickmss_Pap

e

Reflectance_Thickness_PSD Plot

sk Gorteol ot Gongars Data fnabeos Dt

Fig. 2 Results of the data analysis — the position of the pick indicates the

thickness of the layer
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* cancel 1. Calculation Results of Sample-1_Poink-01.csv

1_Thickness : 10913.6+-0.0

1_Thickness \ 1_Offset % 1_Dull %

B 1_OFFset : 2.56-+-0,0484
1_Dull | 328.590+-2.1306
Chisg= 0.0 11000.0
2. Caleulation Results of Sample-1_Point-02.csv
1_Thickness : 10913.6+-0.0
P 1 OFFset : 2.56-+-0. 0484
1_Dull | 328,80+-2.1306 ||| g 1oeso0
- Chisq= 0.0 =
2
3. Caleulation Results of Sampls-1_Point-03.csv =
-« 1_Thickness : 1081%.6+-0.0 S o000
1_Offsst : 2.56+-0,0484 =
1_Dull : 328.90+-2,1306 !
4. Caleulation Results of Sample-1_Point-04.csv 108500
1_OFfset : 2.56-+-0, 0484
1 Dull | 328.90+-2.1306
= chisa= 0.0
Sample-1_Foint01 csv  Sample-1_PointOa.csw  Sample-1_Point07 csv
5. Caleulation Results of Sample-1_Point-05.csv Mes file
oo | o N
1 Trffoct « 5 SAen Namd s
rResults i rCurrent Status
lParam... Average | Abs.SD. | S.D.(%) [ MinMax
1_Thick... 10913.6 T.0E 12 T.7E- 14 10913.6/10013.6 |~
1_Offs... 2.56 0.0 1.86-14 2.58/2.56 B
1 Dull_... 325.90 0.0 0.0 328,90/325.90

11 of 11 completed

Calculation Completed

Fig. 3. Results of the data analysis using FFT shows that the thicknesses in all
measured points is identical. There is no enough resolution to detect the

difference in thicknesses.
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In order to improve the thicknesses measurement accuracy we can try to use a

curve fitting algorithm (Marquardt-Levenberg). There are at least two problems with the

measured data: measured data has different trends due to the stainless steel thermal

treatment and the steel interface is “dull” due to macro-roughness. To correct the fit for
this factors without complicating the model, TFCompanion software use “trend remover’

and two additional correction factors: “dullness” coefficient and offset factor.

" 11 Companiam; Erin film messurement 8 ansiysis (£]7001-72009

Fie Diestad fturs Messes Osts Dok Corfges Opiee ek
B J&8E M 00N =3 O 08N 7

Fierratach: PR_sn_stest Satected Far aineters
=] Pt | Pomsesators | Liks | AT Coreltcrs | Recerd s

Armisert: okt e

Thickness v 10400.0[ nm |

T .|
Dtmtunetn |

S —

. L. )
Wheasan eimest i1
Poskion {00 Dabe 014TI10 =Lel 034405

|
Drmn {ibma e

» Fiiah
[ P_pn_stes

Fmstacion Lt ary
paiy 12

LSl LI

Measaned Data: Sargple- 1_Poad Olcwr
Data Table  Mefisitanie
Reflectance Plot

b

Fig. 4. Model to measured data fit without use of the “dullness” factor. Model
spectrum (blue) has much higher amplitude of oscillations that assume

standard clean interface.

Using thickness, “dullness” and “offset” factors as measured parameters one can
get a good fit to the measured data and a stable model with minimum calibration

requirements (Fig. 5)
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Fig. 5. Fit of the model to measured data using “offset” and “dullness” correction
factors. The confidence interval of the thickness value is +0.8nm (~

+0.01%)
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1. Calculation Results of Sample-1_Point-01.csv
L_Thickness : 10597.5+-0.7317

rResults Plot

1_Thickness *, 1_offset ', 1_Dull ',

L_Offset : 2,00+-0.0212
1_Dull : 309.65+-1.2241
Chisg= 1.63143432809026T4E-5
2. Calculation Results of Sample-1_Point-02.csv 10700 0-
1_Thickness : 10570,5+-0,7372
I ZOiomt s 1,040,011
1_Dull ; 306,56+-1,2591 L1 F
9 Chisg= 1,9049356855648037E-5 =
o 10800.0.
3. Caleulstion Results of Sampls-1_Point-03.csv 2
? 1_Thickness : 10563, 7+-0.7435 =]
1_Offsst : 1.97+-0.0216 =
1_Dull ; 306.814-1.2704 -
Chiso= 1,880322708382019E-5 05000
4. Calculation Results of Sample-1_Point-04.csv
1_Thickness : 10538.4+-0.7874
1_Offset : 2,17+-0.0244
1_Dull : 315.41+-1.2936
= Chisg= 1.5206372639714256E-5 10400 0
Sample-1_Point-01.csv Sample-1_Point04.csv Sample-1_Point07 .csv
5. Calculation Results of Sample-1_Point-05.csv Mes file
1_Thickness : 10558, 1+-0.6531 7 To]
1 AFFeek + 2 NR-N D03 -l =——
rResults rCurrent Status
Param..] Average |  abs.sD. |  spDgw |
1_Thick... 10571.1 55.5236 0.5252 10492.0/10680.0 | =
1_Cffs... 2.15 0.19147 889152 1.94/2.57
1_Dull_... 304.80 6.02040 1.97521 293.09/315.41

11 of 11 completed

Calculation Completed

Fig. 6. Results of the data analysis using modified model (as on Fig. 5). Results
show variation of the thickness in ~ 180nm range.
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